The clinical results did not reflect the mechanical state of the implant. Follow-up with sequential radiographs of good quality is essential. Revision for radiological changes alone must be accepted if gross loss of bone stock is to be avoided.
The Charnley low-frictional torque arthroplasty (DePuy International, Leeds, United Kingdom) was introduced into routine clinical practice in November 1962. Its fundamental principles remain unchanged. A small head of 22.225 mm diameter articulates with a thick ultra-highmolecular-weight polyethylene (UHMWPE) acetabular component, both components being cemented with polymethylmethacrylate (PMMA) to ensure the largest possible area of load distribution. 1 Using a routine transtrochanteric approach, the operation is carried out in a clean-air enclosure with total-body exhaust suits.
The results of operations performed between November 1962 and December 1965, with a follow-up of four to seven years, were published by Charnley in 1972. 2 More recently, survival patterns to 38 years have been reported. 3 Our aim is to present the clinical results and radiological appearance in patients with a minimum follow-up of 30 years and to establish the correlation between them.
Patients and Methods
We examined the records of all the patients who underwent primary low frictional arthroplasty between December 1962 and December 1977 at Wrightington Hospital and sought the help of the Office of National Statistics to trace those who did not attend for follow-up.
During the 15-year period, 11 054 lowfrictional arthroplasties were carried out by more than 130 surgeons. Detailed clinical and radiological information was available for 89 patients (105 low-frictional arthroplasties). We were able to trace a further five each with one arthroplasty) in whom the information was incomplete. In three, only the most recent radiographs at 32, 34 and 35 years were available and were included in the radiological studies. One died after follow-up for 36 years. The clinical result, as reported by a relative, was excellent and a radiograph after 30 years was available. The details were included in the clinical and radiological studies.
One low-frictional arthroplasty included in our study was revised at 33 years at another hospital for wear and fracture of the acetabular component. 4 The 94 patients (110 low-frictional arthroplasties) in this study had a mean age at operation of 43.3 years (17.0 to 65.0) and mean weight of 64.0 kg (48 to 96). The mean followup was for 32.3 years (30.0 to 40.5) and the mean age of the patients at follow-up was 75.7 years (51.0 to 97.0). The underlying pathology of the hip is shown in Table I and previous operations in Table II . Operative details. The acetabulum was curetted in 20 hips and in 90, Charnley acetabular reamers located through the pilot hole were used. Extra anchoring holes for injection of cement were used in 72, one hole in five, two in 15, three in 40, and more than three in 12. The original scalloped-edge (non-flanged) acetabular component was used in all cases. This was a standard 43 mm diameter implant in 71 and a small 40 mm diameter version in 39. Plain CMW cement (CMW Laboratories; DePuy International, Blackpool, United Kingdom) was used in all cases. It was spoon-mixed in an open bowl with barium sulphate powder added as the opacifier. The acetabulum was washed with normal saline and dried with a swab before finger-packing the cement, which was pressurised with the component. This was medialised 5 in 58 and placed within the rim in 51. One cup was not fully contained within the acetabulum. Bone grafting was not used. The medullary canal was prepared with broaches in 68 hips and brace reamers in 42. It was washed with saline and dried with a swab. Cement was thumbpacked in all cases. The medullary canal was not sealed off distally except in four hips in which a bone block with proximal venting was used. 6 A monoblock, polished, stainless-steel femoral component was used in all cases. In 80 this was the original 'flatback' design in EN58J (the standard quality for a stainless steel implant). The other 30 were 'round-back', with matt finish in 316L stainless steel (21 standard, 6 three-quarter neck length, 2 'extra heavy' and 1 CDH).
Clinical assessment was according to respectively. Wear of the acetabular component was measured as described by Griffith et al. 10 The indications for revision and the findings at revision were recorded.
Results
Clinical. At the latest follow-up, 90% of the hips (99) were reported to be free from pain, 6% (seven) had occasional discomfort and 4% (four) had pain on activity. Functional activity was considered to be normal in 58% (64 hips). In 26% (29 hips) support for walking was required and in 15% (17 hips), activities were limited. Between operation and follow-up the number of Charnley grade A hips had decreased from 25 (23%) to 12 (11%), grade B from 56 (51%) to 46 (42%), and grade C had increased from 29 (26%) to 52 (47%). Radiological appearance. The anteroposterior (AP) radiographs showed 70 femoral components to be in the neutral position, 30 in valgus and ten in varus. Post-operative complications, early and late, are given in Tables III and IV. Radiographs at one year showed that 38 acetabular components (34.5%) had a perfect cement-bone interface and no demarcation and 70 (63.6%) had demarcation which involved the outer-third in 49, the outer two-thirds in 15 and was complete in six. None, however exceeded 1 mm and all components were therefore classified as secure. One acetabular component was radiologically loose (0.9%) and one had migrated (0.9%). 8 On the latest radiographs, which included cases before revision, 73 hips (66.4%) had a secure acetabular component, four (3.6%) had no demarcation of the cement-bone interface, 69 (62.7%) had various degrees of demarcation (outer-third in 35, two-thirds in 20 and complete demarcation in 14), but none exceeded 1 mm. 8 The mean rate of penetration of the acetabular component for the whole group was 0.06 mm/year (0.01 to 0.23) with a mean total penetration of 2.07 mm (0.4 to 7.0). Secure components had a lower mean rate of penetration of 0.0567 mm/year (0.011 to 0.233) and a lower mean total penetration of 1.8 mm (0.4 to 6.0) as compared with loose and migrated components which had a mean rate of 0.0812 mm/year (0.02 to 0.278) and a total mean penetration of 2.62 mm (0.7 to 7.0).
There were no cases of endosteal cavitation of the femur within one year. In four hips (3.6%) there was cortical thickening at the tip of the stem.
At the latest follow-up, 99 (90.0%) hips showed a normal appearance, while 11 (10.0%) showed endosteal cavitation almost exclusively in the proximal zones 2 and 7 of Gruen, McNiece and Amstutz, 11 which was interpreted as the consequence of strain shielding of the proximal femur. Distal cortical thickening was present in 27 hips (24.5%) and absent in the remaining 83 (75.5%). Two femoral components (1.8%) were definitely loose and 12 (10.9%) were possibly loose. 9 The correlation between the clinical results 2,7 and the radiological appearance 8,9,11 is shown in Figure 1a for the acetabular component and Figure 1b for the femoral component. On the acetabular side the mean scores for pain, function and movement for the secure components were 5.8 (4 to 6), 4.6 (2 to 6), and 4.7 (3 to 6) whereas for the loose components the mean scores were 5.6 (4 to 6), 4.4 (2 to 6), and 4.2 (3 to 6), respectively. On the femoral side, the mean scores for secure components were 5.7 (4 to 6), 5.1 (2 to 6), and 5.1 (3 to 6) whereas for loose components they were 4.2 (4 to 5), 3.9 (3 to 5), and 4.1 (3 to 5), respectively.
A total of 13 low-frictional arthroplasties (11.8%) had been revised (Table V) at a mean follow-up of 32.3 years (30.0 to 39.5), two (1.8%) for late deep infection, five (4.5%) for loosening of the acetabular component (including a worn fractured component 4 revised at another hospital), four (3.6%) for loosening of both components, one (0.9%) for loosening and one (0.9%) for fracture of the femoral component.
Discussion
The clinical success of the Charnley low-frictional arthroplasty continues, with a follow-up beyond 40 years and the hallmark of that success is freedom from pain.
The level of activity at this length of follow-up reflects age and medical comorbidities. The clinical results do not reflect the mechanical state of the implant. Radiologically loose and even migrating acetabular components cannot be identified or distinguished from secure acetabular components by reference to the clinical results (Fig. 1a) .
Radiologically loose femoral components may be symptomatic (Fig. 1b) , probably because of the pistoning effect of the stem-cement composite giving increased intramedullary pressure. Understanding the mechanics of a cemented femoral component has proved to be of great benefit. 12 Wear and loosening of the acetabular component are the main indications for revision. Loosening, however, may not be progressive, especially in patients with declining function. Monitoring and the taking of good quality radiographs are essential and timely intervention will avoid major mechanical problems.
Tissue reaction to UHMWPE wear particles is unlikely to be the cause of loosening of components. The exponential correlation between the depth of penetration of the acetabular component and the incidence of migration 13 is not reflected in the incidence of aseptic loosening of the femoral component.
14 Impingement of the neck of the femoral component on the rim of the polyethylene 15 is more likely to be the cause. Reduction of the diameter of the neck of the femoral component stem from 12.5 mm to 10 mm has lowered the incidence of migration of the acetabular component, at comparable depths of penetration, by a mean of 54%. 16 Also, the additional benefit of the low-wearing alumina cross-linked polyethylene combination is notable. 17 The longest follow-up results are in young patients and have been achieved with the earliest design, materials and operative technique, all supporting the original Charnley concept. Evolutionary development, based on the concept has allowed the logical introduction of improvements. We recommend early revision in patients with radiological evidence of loosening of either component. For a young patient total hip arthroplasty is merely the beginning of treatment.
